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STAT 544 S patia l S ta tistic s  Spring, 2014
In stru ctor: Jon G raham  jgraham @ m so.um t.edu
M ath 204 243-2561
T im e /R o o m : Mon, Wed, Fri, 2:10pm-3:00pm, in room  M ath 211 
T extb ook : None required, Readings will be given when appropriate.
R eferen ces: 1. In teractive Spatial D ata  Analysis /  Bailey & G atrell (1995)
2. S tatistics for Spatial D ata  /  Cressie (1993)
3. S ta t. M ethods for Spatial D ata  Analysis /  Schabenberger & Gotway (2005)
4. In troduction  to  G eostatistics /  K itanidis (1997)
5. Applied G eostatistics /  Isaaks & Srivastava (1989)
C ou rse  W ebpage:
G rading:
P rereq u isites:
6. S tatistical M ethods in Spatial Epidemiology /  Lawson (2006)
7. Spatial A utocorrelation /  Cliff & O rd (1973)
8. S tatistical Analysis of Spatial Point P a tte rn s  /  Diggle (1983)
O ffice H ours: To be announced, By appointm ent
h t tp : /  /  www. m a th . u m t. e d u /g ra h a m /s ta t544/
Homework: 35% M idterm : 25% Final Project: 40%
One year of sta tistica l m ethods or consent of instructor
H om ew ork  will be assigned approxim ately biweekly, and will generally require more th an  a few days work. 
The in ten t is th a t you will work on homework assignm ents th roughout the period they  are assigned. NO 
LATE HOM EW O RK  W ILL B E A C C EPTED  FO R  ANY REASON, and the lowest homework grade will 
be dropped. Homework is not only a fairly substan tia l portion of your grade, bu t is v ital to  your success in 
th is class. W orking w ith o ther students on homework is strongly encouraged, as long as you hand  in your 
own work, and do not sim ply copy someone else’s work. Solutions to  all problems will be provided.
The m id term  ex a m  will be cum ulative and closed book. More about the  exam, including the  exact date 
will be given later. If you cannot make it to  the m idterm  exam, you m ust let me know B E FO R E the exam 
is given. No m ake-up exams will be given w ithout a docum entable reason for missing the exam.
A final p r o je c t  is required for th is course. The project will entail b o th  a w ritten  and oral portion to  be 
conducted a t the  end of the semester. Please come see me by the m idterm  exam  to  discuss a topic for your 
project. You m ay choose your own topic, or come see me for help selecting one. Final projects will be 
presented in a poster session to  be held from 3:20-5:20pm, Tuesday, M ay 13, and final papers will be due by 
5:00pm on Friday, M ay 16.
C ou rse  M a ter ia l an d  O b jectives: This course is intended as an in troduction to  the topic of spatial s ta tis­
tics for g raduate  students w ith at least one year of in troductory  statistics. A fter an in troduction  to  spatial 
exploratory m ethods and spatial correlation, the course will focus on the  three prim ary areas of spatial analy­
sis m ethods: geostatistics (variograms, isotropy, kriging, cross-validation, spatial correlation models), spatial 
point processes (quadrat m ethods, com plete spatial random ness, R ipley’s K-function), and area or lattice 
processes (M oran’s I, G eary’s C, M arkov random  fields, CAR models). T hroughout the  course, the software 
package R will be used for classroom  dem onstrations as well as for homework assignm ents. R  is available 
on all com puters in M ath 206 (near my office) and is free for download as explained on the  In tro d u ctio n  
to  R  handout.
My goal in th is course is absolutely N O T  to  teach you how to  use software for working w ith Geographic 
Inform ation Systems (GIS) such as Arclnfo or o ther specialized software. My goal is to  teach you to  th ink  
about problem s involving spatial d a ta  and how to  address spatial correlations which m ay be present in your 
data . You will learn a num ber of techniques for exploring and analyzing spatial d a ta  th roughout th is course, 
bu t the m ost im portan t th ing  you should get from th is course is an understanding of spatial continuity  and 
its im plications on analysis.
A d d itio n a l C ou rse  In fo r m a tio n : The last day to  add th is course through C yberbear is Tuesday, February
4. The last day to  drop th is course or change the grading option through C yberbear is Friday, February 
14. Between Saturday, February  15 and Monday, April 7, you can drop the  course w ith your advisor’s 
and in stru c to r’s signature using a Drop form only. I will not recom m end approval of late drops except in 
E X TR EM E circum stances (see the UM online catalog). You can add the course or change the grading option 
w ith an A dd/C hange form up until Friday, M ay 9.
A cad em ic M isco n d u ct: All students m ust practice academic honesty. Academic misconduct is subject to  an aca­
demic penalty by the course instructor and /o r a disciplinary sanction by the University. All students need to  be famil­
iar w ith the S tudent Conduct Code. The Code is available for review at h ttp :/ /life.um t.edu /vpsa/s tuden t conduct.php
D isa b ility  Services: The University of M ontana assures equal access to instruction through collaboration between 
students w ith disabilities, instructors, and Disability Services for Students (DSS). If you th ink you may have a 
disability adversely affecting your academic performance, and you have not already registered w ith DSS, please 
contact DSS in Lommasson 154. I will work w ith you and DSS to provide an appropriate accommodation.
Questions are strongly encouraged during class & office hours. If you are at all lost, please let me know.
Sum m ary o f T opics
(C hapters 5,6 - Bailey & G atrell)
(a) E xploratory  Analysis (Ch. 1 - Bailey & G atrell, Ch. 2,3,4 - Isaaks & Srivastava)
i. U nivariate: histogram s, sum m ary sta tistics
ii. Bivariate: scatterp lots, correlation, linear regression
iii. Moving window statistics, h -scatterp lo ts, greyscale m aps, contour plots
(b) Spatial continuity, stationarity , isotropy (Ch. 1,5 - Bailey & Gatrell)
(c) Mean, variance, covariance, correlogram, (sem i)variogram  (Ch. 1 - B & G)
(d) Describing geostatistical d a ta  (5.4 - Bailey & G atrell, Chap. 4,7,10,11 - Isaaks & Srivastava)
i. Spatial moving averages
ii. Tesselation m ethods
iii. Kernel estim ation
iv. Covariograms, variograms, sill, range, nugget
v. Variogram  estim ators
vi. Anisotropic semivariograms, testing for geometric anisotropy, relative variograms
(e) M odelling geostatistical d a ta  (5.5 - Bailey & G atrell, C hap .11-16 - Isaaks & Srivatava)
i. Ordinary, weighted, generalized least squares
ii. Variogram  models, fitting variogram  models, confidence intervals for semivariograms
1. In troduction  to  Spatial S tatistics
2. SPATIALLY CONTINUOUS (GEOSTATISTICAL) DATA
iii. Simple kriging
iv. Effects of variogram  on predictions, best linear unbiased predictors, crossvalidation
v. O rdinary  and universal kriging
(f) Kriging extensions (Section 6.2 - Bailey & G atrell, Chap. 4,13,17 - I & S)
i. Block kriging, indicator kriging
ii. Cokriging, cross-covariances, cross-variograms
3. PO IN T  PRO CESS DATA (C hapters 3,4 - Bailey & G atrell, C hap ter 3 - Schabenberger & Gotway)
(a) E xploratory  Analysis (Ch. 3 - B & G, C h .1,2 - Diggle, 3.3 - S&G)
i. Dot m aps, in tensity  measures
ii. Q uadra t m ethods, kernel estim ation, nearest neighbor m ethods
iii. R ipley’s K -function, L-function
(b) Point process models (3.5 - B & G, 4 - Diggle, 3.1,3.2 - S&G)
i. Com plete spatial random ness (CSR), Poisson point models
ii. Testing for CSR via quadrat, NN, R ipley’s m ethods
(c) Relationships between m ultiple point p a tte rn s  ( y 2, i f  1 2 , L 1 2 ) (Ch. 4 - B & G)
4. AREA OR LA TTIC E DATA (C hapters 7,8 - Bailey & G atrell, C hapter 6 - Cressie)
(a) E xploratory  Analysis (Ch. 7 - B & G, 6.2 - Cressie)
i. Chloropleth m aps, density  equalized m aps
ii. Spatial proxim ity (neighborhood) m atrices
(b) M edian polish, kernel estim ation (7.4.3,7.4.4 - B & G, 2.2 - Cressie)
(c) Testing for spatial autocorrelation (7.4,7.5 - B & G, U pton & Fingleton (1985), Cliff & O rd (1973))
i. R andom ization test, M onte Carlo approach, norm al approxim ations
ii. Join count sta tistics (M oran’s I, G eary’s C)
(d) Regression w ith Spatially C orrelated Errors (SAR, CAR models) (7.5.4 - B & G)
(e) Relationships between m ultiple lattices (M antel tests) (O ther sources)
This is a lot of m aterial for a 3-credit sem ester course and could easily be taugh t over two or three courses. 
As a result, we will explore some topics in dep th  and others w ith the goal to  merely expose you to  them .
